animal, and dairy product food patterns were identified. EC risk decreased significantly with a higher factor score for the dairy product pattern (P trend = 0.042) and was more pronounced in smokers (multivariable HR [4th vs. 1st quartiles]) = 0.57, 95% CI: 0.30, 1.09; P trend = 0.021). Neither vegetable nor animal food patterns were significant overall; however, EC risk increased with a higher factor score for the animal food pattern in nonsmokers (multivariable HR [4th vs. 1st quartiles]) = 6.01, 95% CI: 1.17, 30.88; P trend = 0.021), although the small number of events was a limitation. Our findings suggest a dairy product pattern may reduce EC risk in Japanese men, especially smokers.
Introduction
Esophageal cancer is the eighth most common type of cancer and the sixth most common cause of death from cancer worldwide 1 . There are two main histological types of esophageal cancer: esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EA). The development of each specific type is different depending on race and geographical region. EA is increasing in Western countries, whereas ESCC is the dominant type of esophageal cancer in East Asian countries such as China, Korea, and Japan
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. Risk factors for esophageal cancer are tobacco smoking, heavy alcohol drinking, and frequent consumption of high-temperature beverages 3 . In contrast, the epidemiological literature has suggested that high consumption of fruit and vegetables is associated with a lower risk of esophageal cancer 4 . However, more thorough evaluations of dietary patterns are needed to assess the effect of dietary intakes on esophageal cancer risk, because a diet encompasses more than single nutrients and foods.
Several studies have reported the associations between dietary patterns, or a diet index, and esophageal cancer in epidemiological case-control studies [5] [6] [7] [8] [9] . In a recent meta-analysis that included nine case-control studies, three common dietary patterns based on high intakes of foods/nutrients were indicated via principle component factor analysis:
Western, healthy, and drink/alcohol patterns 10 . This meta-analysis suggested that the healthy pattern was associated with a decreased risk of ESCC, whereas drink/alcohol patterns were associated with an increased risk, but no significant association was observed 3 between a Western pattern and ESCC. A review of 24 case-control studies that investigated the relationship between dietary patterns and upper aerodigestive tract cancers (including the oral cavity, esophagus, pharynx, and larynx) also have suggested that dietary patterns based on high intakes of fruit and/or vegetables or nutrients have a beneficial role, whereas patterns of heavy alcohol consumption are detrimental 11 . In a prospective cohort study in were excluded from the analysis because the number of cases of esophageal cancer among them was very low and it was uncertain if sufficient statistical power could be obtained for the multivariate analysis. In addition, men with a history of cancer at baseline (n = 411), men who were missing information for more than five food items in the self-administered food frequency questionnaire (FFQ) (n = 18,294) or missing information on smoking status (n = 1,128) were also excluded. A total of 26,562 participants were included in the analysis for this study. The study design was approved by the Ethical Board of Nagoya University School of Medicine.
Dietary assessment
Information on the intake of 39 food items was assessed from a previously validated self-administered questionnaire including a FFQ at baseline 16 . Most food items were 5 assessed for five frequency categories: rarely, 1-2 times/month, 1-2 times/week, 3-4 times/week, and almost daily. Rice and miso-soup intake were assessed using the number of bowls consumed daily. Beverages were assessed for five frequency categories: almost never, 1-2 cups/month, 1-2 cups/week, 3-4 cups/week, and almost daily for green tea, tea, oolong tea, and coffee. For participants who had blanks for information of four or less items in the FFQ, the missing data were replaced with the median values applicable to their geographical region 17, 18 . Alcohol consumption was assessed for frequency using the following categories: never, former, and current drinker (<1 time/week, 1-2 times/week, 3-4 times/week, and almost daily). Total energy and nutrient intakes were estimated based on the fifth edition of the Japan Food Table, and intake of nutrients and specific foods from food groups were adjusted for total energy intake by residual methods 19 .
Follow-up
Mortality data were centralized at the Ministry of Health and Welfare and the underlying causes of deaths were coded using National Vital Statistics codes which were in accordance with the 10th revision of the International Classification of Disease (ICD-10). 
Statistical analysis
Dietary patterns based on the various food items were analyzed by factor analysis using a varimax rotation. To determine the number of factors to be retained, we considered components with an eigenvalue greater than 1.0, scree test results, and interpretability of the factors. Factor scores were calculated for each of the participants, standardized to a mean value of zero and a standard deviation of one, and each participant was assigned a factor score for every identified pattern.
Participants were divided into four categories based on quartiles of factor scores for dietary patterns. Age-adjusted and multivariate hazard ratios (HRs) and 95% confidence intervals (CI) for mortality risk related to esophageal cancer were evaluated based on dietary patterns in the second through fourth quartiles and compared to those in the first quartiles using the Cox proportional hazard model. Another model, used to assess the linear relationship, was created and P trend values were obtained using the quartile factor scores for the dietary patterns as ordinal variables. The following variables were included in the multivariate models: age (continuous variable), geographical region, body mass index (BMI ) (<18.5, 18.5-24.9, or ≥25.0 kg/m 2 , or unknown), education duration (<13 years, ≥13 years, or unknown), smoking status (never, former, or current smoker), frequency of alcohol consumption (never, former, current drinker [<1 time/week, 1-2 times/week, 3-4 times/week, or almost daily], or unknown) and total daily energy intake (<1,396, 1,396-1,718, 1,719-2,076, or ≥2,077 kcal/day, or unknown). Further, we performed a stratified analysis by smoking status using the following definitions: smoker, current smoker or former smoker who quit <10 years ago; nonsmoker, never smoker or former smoker who quit ≥10 years ago. All statistical analyses were performed using the SAS statistical package for Windows (version 9.4, SAS). Differences were considered statistically significant at p < 0.05.
Results
At baseline, three dietary patterns were extracted using factor analysis in this study. The factor-loading matrix for dietary patterns and food items are shown in Table 1 . The first pattern had a higher loading of vegetable (carrots, cabbage, spinach, Chinese cabbage, and tomatoes), algae, potatoes, tofu, fungi, citrus fruit, other fruit, fresh fish, and boiled beans.
The second pattern had a higher loading of meat (chicken, ham, liver, pork, and beef), deep-fried foods, fried vegetables, and dried fish. The third pattern had a higher loading of dairy products (cheese, yogurt and butter), milk, margarine, coffee, and tea. These three patterns were labelled as follows: vegetable pattern, animal food pattern, and a dairy product pattern. The total cumulative variance of these three dietary patterns was 25.1%.
Demographic baseline characteristics of participants are shown according to the three dietary patterns by score quartile in Table 2 . Participants in a high quartile for the vegetable pattern were older and more educated, and less likely to be a current smoker and 8 current drinker. Compared with participants in the low quartile for the animal food pattern, participants in higher quartiles were younger in age, had lower educational levels, and were more likely to be a heavier drinker. For the dairy product pattern, participants in the higher quartile of intake were younger in age, had more education, and were less likely to be a smoker and a drinker compared with participants in the low quartile for this pattern.
The median follow-up period was 18.9 years. During 424,646 person-years, there were 132 deaths attributed to esophageal cancer. Table 3 shows the results of the Cox proportional hazard model between the three dietary patterns and esophageal cancer mortality.
There were no remarkable differences in multivariate HRs for esophageal cancer mortality among the quartiles of vegetable and animal food patterns. However, the multivariate HRs tended to decrease when factor score of the dairy product pattern was higher, as evidenced by a significant linear relationship (P = 0.042).
The HRs for esophageal cancer mortality associated with the three dietary patterns according to smoking status are shown in Table 4 . Among smokers, multivariate HRs for the dairy product pattern decreased for the three highest quartiles compared with the lowest quartile and ranged from 0.76 (95% CI: 0.47, 1.23) to 0.57 (95% CI: 0.30, 1.09), with a dose-response relationship (P = 0.021); however, this association was not observed among nonsmokers. Multivariate HRs for the animal food pattern in the highest quartiles compared with the lowest quartile were 6.01 (95% CI: 1.17, 30.88) among nonsmokers (P = 0.021).
Statistically significant associations between a vegetable pattern and esophageal cancer 9 mortality were not observed among both smokers and nonsmokers.
Discussion
We identified three major dietary patterns that we referred to as vegetable, animal food, and dairy product patterns when we evaluated data from Japanese men that participated in a large prospective cohort study. The dairy product pattern showed an inverse association with the risk of esophageal cancer, especially among smokers, whereas the animal food pattern
showed an increased risk of esophageal cancer among nonsmokers. The vegetable pattern was not associated with esophageal cancer mortality.
The vegetable pattern was a dietary pattern equivalent to a "traditional" Japanese diet which is characterized by frequent intakes of vegetables, algae, potatoes, soy products, fungi, fruit, and fresh fish. This dietary pattern was similar to that of others classified as a "healthy diet" or a "prudent diet" in previous studies performed in other countries 5, 7, 8 . In a meta-analysis based only on case-control studies, the healthy pattern was associated with a characterized by a high intake of vegetables, rather than specific foods, were prospectively assessed among Japanese people, it appeared to be less effective at reducing the risk for esophageal cancer.
The animal food pattern was similar to dietary patterns known as "Western diets,"
which are characterized by a high intake of meat, and fried and high-fat foods as described in previous studies 5, 7, 8 . One meta-analysis has reported no association between a Western pattern and esophageal cancer (OR: 1.29; 95%CI: 0.83, 1.75) 10 . More recently published studies have shown that red meat and processed meat are a risk factor for esophageal cancer 23, 24 . On the basis of a stratified analysis by smoking status, we also determined that an animal food pattern was associated with an increased risk for esophageal cancer in nonsmokers, although a significant association was not observed in the study population as a whole. Meat and processed meat with a higher loading in the animal food pattern, have been shown to exhibit potential mechanisms for carcinogenic effects via the formation of heterocyclic amines and polycyclic aromatic hydrocarbons at high cooking temperatures, due to the pro-oxidant activity of heme iron and as a consequence of the N-nitroso compounds they contain 25, 26 . Taken together, the animal food pattern may be a risk factor for esophageal cancer among Japanese men, independent of smoking status, which is a known risk factor for esophageal cancer 13 . However, caution should be used when interpreting our results because the number of deaths attributable to esophageal cancer in our study was very low in 11 nonsmokers, especially for those with the lowest intake of animal food pattern.
We found that the dairy product pattern was associated with a decreased risk of esophageal cancer mortality, but only among smokers. To our knowledge, this is the first report establishing a relationship between a dairy product pattern and the risk of esophageal cancer mortality in a prospective study. Consumption of dairy products, including milk, cheese, and yogurt, was inversely associated with esophageal cancer in a case-control study performed in central and eastern Europe 27 , but the association with dietary patterns was not investigated. The decreased risk of developing upper aerodigestive tract cancer that was associated with a high intake of yoghurt has been reported in a Japanese case-control study 28 .
The dairy product pattern was dominated by a higher factor-loading of coffee and tea in our data. Previous cohort studies have reported that coffee and tea consumption were associated with a lower risk of esophageal cancers among current smokers 29 A strength of the present cohort study relates to its prospective observation of a large number of study participants who were recruited nationwide in Japan. Another strength is that we examined associations of interest and we also adjusted for potential confounders.
However, the present study has some limitations. First, our dietary questionnaire evaluated rice intake, because it is the most common staple of Japan, but it did not focus on grain consumption related to bread, noodle, or cereal intake. Second, dietary habits of participants
were assessed only at baseline and might have changed during the follow-up period; however, this type of data collection methodology is commonly used for epidemiological studies. Third, a large number of participants who had missing data pertaining to their dietary habits were excluded from the analyses. However, most baseline characteristics (such as BMI, marriage status, smoking status, and alcohol drinking) were similar between participants and those excluded from the study; two exceptions were age (56.2 years for study participants vs. 59.4
years for those excluded from the study) and education duration ≥13 years (18.8 % vs.
13.6 %, respectively). We therefore consider that bias was unlikely in the present study, despite the slight differences in baseline characteristics. Fourth, we evaluated the risk of esophageal cancer without consideration of histological type because we had no data on the type.
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In conclusion, a dairy product pattern was associated with a decrease in the risk of esophageal cancer mortality among Japanese men who were smokers. Our findings suggest that the dairy product pattern was beneficial for smokers who were at high-risk for esophageal cancer.
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